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The asymmetry between particles and antiparticles

Vud Vus Vub
VCKM — Vcd Vcs Vcb
Vau Vi Vi
Observational CP-violation in
cosmology the weak interaction

These approaches have the discrepancy of ~10-° in the

asymmetry of the amount of baryon and antibaryon.
(M. Peskin, 2002, Nature, 419, and therein.)

2019, Sep. 23 PSTP2019@Downtown Holiday Inn in Tennessee \T rl1
Nagoya Univ., graduate school of natural science, l D) T4
el Ishiva age 3 OPAREX

D1 Kohei Ishizaki Neutron Ontical Parity and Time-feversal Blperiment



Approaches toward the new particle physics

Direct search Precise measurement
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Approaches toward the new particle physics

THIS TALK

According to the relativistic quantum field theory,
the CP-violative process is equivalent to the T-violative

process. (CPT theorem)
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Approaches toward the new particle physics

THIS TALK

According to the relativistic quantum field theory,

the CP-violative process is equivalent to the T-violative
(CPT theorem)

process.

We can appoach to a discovery of unknown CP-violation

through a precise measurement of

T-violating phenomena.

ex:) High energy experiment ex:) Low energy experiment
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NOPTREX (Neutron Optics for Parity and Time Reversal EXperiment)
The experiment project for the search of T-violation

in the neutron capture by nucleus.
Vv .
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forward scattering amplitude : f = A + Bo - I+Cs-k +@
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T:0 - (kxI)— (—a) ((—k) x (-1))
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NOPTREX (Neutron Optics for Parity and Time Reversal EXperiment)
The experiment project for the search of T-violation

in the neutron capture by nucleus.
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This P-violation asymmetry 1s
about 10% times as large as

that of p-p scattering.
(V. P. Alfimenkov, 1982 etc-*)
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NOPTREX (Neutron Optics for Parity and Time Reversal EXperiment)
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The T-violation

can be also enhanced!!
(T. Okudaira, et. al., 2018

This P-violation asymmetry 1s

about 10% times as large as

that of p-p scattering.
(V. P. Alfimenkov, 1982 etc-*)
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Polarized targets in the T-violation search

The polarized 139La target was used for P-violation experiment.
(V. P. Alfimenkov, et. al., Physics of Atomic Nuclei, vol. 59, 1996)
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The polarized 139La target was used for P-violation experiment.
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Polarized targets in the T-violation search

The polarized 139La target was used for P-violation experiment.
(V. P. Alfimenkov, et. al., Physics of Atomic Nuclei, vol. 59, 1996)

However, strong magnetic field makes incident
polarized neutron spin to rotate, and we cannot
measure the coefficient D.
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Polarized targets in the T-violation search

The polarized 139La target was used for P-violation experiment.

Solid polarized target in the T-violation search

Strong magnetic field cannot be applied during the measurement

We can only apply about 100 G for reducing the pseudo-magnetic rotation.
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Polarized targets in the T-violation search

The polarized 139La target was used for P-violation experiment.

Solid polarized target in the T-violation search

Strong magnetic field cannot be applied during the measurement

We can only apply about 100 G for reducing the pseudo-magnetic rotation.

i

Spin frozen at 0.1 K
I ; I

forward scattering amplitude : f = A+ Bo -1+ Cé -k +@
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1391 a polarization method

Brute-Force
B~17 Tesla, T-10 mK, long T,.
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1391 a polarization method

Brute-Force
B~17 Tesla, T-10 mK, long T,.

Dynamic Nuclear Polarization (DNP)
B~a few Tesla, 1-0.5 K, relatively short T,.
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1391 a polarization method

Brute-Force
B~17 Tesla, T-10 mK, long T,.

Dynamic Nuclear Polarization (DNP)
B~a few Tesla, 1-0.5 K, relatively short T,.

NOPTREX is studying both method.
However, I'm concentrating on the topic on the DNP.
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Depolarization by quadrupole interaction

Nuclear quadruple interaction (7 > 1)

e*qQ 2 2 N, 2 2
[V 9°V 9°V
e 8$2 x=0 8y2 x=0 622 x=0
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Depolarization by quadrupole interaction

Nuclear quadruple interaction (7 > 1)

e*qQ 2 2 N, 2 2
[V &V &V
e 8$2 =0 8y2 =0 622 =0

We cannot ignore this depolarization efiect.
(Q139La/QD ~ 70)

v

This depolarization is a serious problem for NOPTREX.
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Depolarization by quadrupole interaction

Nuclear quadruple interaction (7 > 1)

2
Ho = st o gy — 1) + 313~ 1),

77—<82—V 0%V )/82V
8$2 x=0 8y2 x=0 622 x=0

We cannot ignore this depolarization efiect.
(Q139La/QD ~ 70)

v

This depolarization is a serious problem for NOPTREX.

The LaAlOs3 crystal has n =0 !!
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e — - Previous study of LaAlOs3 crystal
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e —————] Previous study of 1.aAlO3 crystal
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Crystal growth

We have studied LaAlO3 crystal since 2018.

@Tohoku Univ. IMR (Institute of Materials Research)
(IMR cooperative program, proposal No. 18G0034, 19K0081, and 19G0037)

Floating Zone method

Material rod

Elliptical mirror ™~
Halogen lamp

Grown crystal ——» Melt
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Crystal growth

We have studied LaAlO3 crystal since 2018.
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(IMR cooperative program, proposal No. 18G0034, 19K0081, and 19G0037)

Floating Zone method

Material rod

Halogen lamp T

Elliptical mirror
Halogen lamp

Grown crystal Melt

. 2019, Sep. 23 PSTP2019@Downtown Holiday Inn in Tennessee \T rl1
] . Nagoya Univ., graduate school of natural science, l Y
'w o ° page 26 ()l’ l{]ju\

D1 Kohei Ishizaki Neutron Ontical Parity and Time-feversal Blperiment



Crystal growth

We have studied LaAlO3 crystal since 2018.

@Tohoku Univ. IMR (Institute of Materials Research)
(IMR cooperative program, proposal No. 18G0034, 19K0081, and 19G0037)

Floating Zone method

Material rod
Halogen lamp -

Elliptical mirror
Halogen lamp

Grown crystal Melt

. 2019, Sep. 23 PSTP2019@Downtown Holiday Inn in Tennessee \T rl1
] . Nagoya Univ., graduate school of natural science, l Y
'w o ° page 27 ()l’ l{]ju\

D1 Kohei Ishizaki Neutron Ontical Parity and Time-feversal Blperiment



Crystal growth

We have studied LaAlO3 crystal since 2018.

@Tohoku Univ. IMR (Institute of Materials Research)
(IMR cooperative program, proposal No. 18G0034, 19K0081, and 19G0037)

Floating Zone method
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Polarization experiments @RCNP

Preparing for the DNP cryostat and T'1 measurement has

been started.

@0Osaka Univ. RCNP (Research Center for Nuclear Physics)

RCNP project
(Development of polarized target for new physics search via T-violation)

Thermal NI\/IR measuremen't

Preparlng the Cryostat for DNP
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Summary

*

The T-violation search in the neutron capture by 139La
i1s a good probe for the unknown CP-violation.

* LaAlO3 crystal is a candidate for 139La DNP target.

* Some project have been started recently to develop
the polarized 139La target tor T-violation search.
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